Fluorinated organic compounds play an important role in pharmaceutical, medicinal 1 and agrochemical sciences 2 owing to the small size and high electronegativity of fluorine and the unique chemical and physical properties of fluorine-containing 15 structural motifs. About 20-25% of pharmaceuticals and 30-40% of agrochemicals on the market are estimated to be molecules containing fluorine. 3 In addition, these compounds occupy an important place in materials science. 4 Therefore, construction of fluorine-containing compounds has been a highly topical area of 20 research. As a typical representative of fluorinated compounds, monofluoroalkenes are regarded as nonhydrolyzable amide bioisosteres 5 and their lipophilic properties prompt chemists to develop synthetic approaches to monofluoroalkenes. Among the starting materials for the synthesis of monofluoroalkenes, gem-25 difluoroalkenes are readily available and versatile substrates, 6 and their C-F bond functionalization with boronic acids, 7 heteroarenes, 8 Very recently, Hashmi and co-workers described a visible light photoredox C(sp 3 )-H monofluoroalkenylation of dimethylanilines and trialkyl amines via an oxidation/deprotonation sequence. 40 We realized that fluorinated molecules containing amino acid fragments would be of great interest for further derivatization to diverse compounds, so we here report our work toward visible light photoredox decarboxylative monofluoroalkenylation of Nprotected α-amino acids with gem-difluoroalkenes.
Reaction of N-tert-butoxycarbonyl proline (N-Boc-Pro) (1a) with 1-(2,2-difluoro-1-phenylethenyl)benzene (2a) was used as the model to optimize conditions including photocatalysts, bases, solvents and time (see Table S1 in Supporting Information for the details). The results showed that the optimal photoredox 50 conditions are as follows: 2.0 mol% Ir[dF(CF3)ppy]2(dtbbpy) (A) as the photocatalyst, Li2CO3 as the base, and DMSO as the solvent at room temperature under argon atmosphere. After establishing the optimal photocatalytic system, we first investigated the scope of N-protected α-amino acids. As shown in 55 Table 1, both N-Boc-Pro and N-Cbz-Pro (Cbz = benzyloxycarbonyl) gave the corresponding products in satisfactory yields (see 3a and 3b), and the former was a better substrate. Other N-Boc-protected amino acids, N-Boc-pipecolic acid, N-Boc-glycine, N-Boc-alanine, N-Boc-phenylalanine, N- 60 Boc-serine containing hydroxyl and N-Boc-methionine containing thioether, were attempted, and they also were good substrates (see 3c-h). Specifically, the fact that naturally occurring monoprotected amino acids could be used is of high interest for further functionalization and shows the advantage of aromatic units in 2 had no obvious influence on the reaction efficiency. This visible-light photocatalytic decarboxylative monofluoroalkenylation of N-protected α-amino acids showed tolerance of numerous functional groups including C-F, C-Cl, CBr and C-I bonds, amides, hydroxyl, ethers, thioethers, sulfonyl 5 and sulfonamide groups. 
b Isolated yield. Z/E ratios were determined by 1 H NMR spectroscopy or yields of the isolated isomers. Cbz = benzyloxycarbonyl.
Interestingly, the monofluoroalkenylation products contain 10 amino acid fragments which could be further derivatized after protective group removal. Therefore, the present method should provide opportunities for synthesis of diverse fluorinated compounds and peptidomimetics.
The reaction could be scaled up from 0.20 mmol to 1.0 mmol 15 using N-Boc-Pro (1a) as partner, and the reaction proceeded well affording 3j in good yield (326 mg, 75% yield) (Scheme 1a). We also showed that coupling of 2-tetrahydrofuroic acid (4) with 1-(2, 2-difluoro-1-phenylethenyl)benzene (2a) was feasible under the standard conditions and the corresponding product 3ac was 20 obtained in 78% yield (Scheme 1b). Then, the reduction of 1-(2,2-difluoro-1-phenylethenyl)-4-fluorobenzene (2a) (E1/2 red = -1.04V vs SCE) 13 
